Objective: The purpose of this article is to determine whether the problem of climate change has been included in the smart specialization programs as one that significantly determines the food security of a given region.
with better awareness about natural resources (water, oceans, forest, land degradation, desertification) and its proper management , new sources of energy supplies, infrastructure for sustainable consumption, production , economic growth and development such as to protect the environment .
These goals, requires the necessary institutional framework to be carry out successfully. Recent experience (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) shows that institutions matter for dealing with systemic risks which otherwise spill over throughout the whole system. Sustainable development requires an institutional framework strong enough to get its goals through.
Climate change
The report issued by the WMO (World meteorology organization, 2010) set a pessimistic tone to the XVI Conference on Climate Change held in Cancun, Mexico, the same year. The report indicated that in 2010, the emissions of dioxide of carbon had been the highest ever on record , even though the global economy growth was not at its full speed .This fact confirmed the trend , which indicates that while in the previous 10,000 years the level of emissions was stable, in the last 250 years, it had increased by 38%. Therefore, it seems that human behaviour has something to explain about it. It is feasible to assume that climate change will not be solved without some important cost unless both actions and policies are implemented.
Market solutions, will be too slow to provide a long term solution because the main benefit of the trade mechanism with green bonds does not get first to those who reduce emissions, but to those who trade its value Environment like any common good has not got price, because nobody can claim property right on it. So, market needs complementary public policies.-Protocol agreements concerning environment protection work as long as governments wants it to do so. However, government also has limitations which is a constraint to get the best of all instrument available to deal with climate change (Kyoto Protocol, 1997) .
On the real side, regular massive flooding pattern, changes in weather temperatures, rising sea levels, seem to be the first cost of the climate change due to human intervention. These social costs must be reduced by applying proper policies, which should include support for new sources of energy, tax exemption for those who get reduction on emissions, tax incentives to support clean technologies, and alternative technologies for agriculture activities.-
The real problem to make sure there is a net gain, is to get a reliable measures to compare marginal benefits (economic growth), with marginal cost (further contamination), of carbon dioxide emissions. This gain of course, depends upon benefit going higher faster than costs do. But, to get such outcome, a careful evaluation of the best alternatives is a necessary previous condition.
Water as a scarce resource
Water for human consumption has already become a scarce resource. It will become a tough competition for other alternative uses arising from increasing demand due to higher population. An average person needs around 200 hundred litres of water daily, but to produce different kind of good such as an hamburger; 24 litres are required, a lettuce -60 litres, tomatoes -88 litres, apples -332 litres, wheat bread -616 litres, and rice -1612 litres. (www.treehugger.com).
The list goes on and the issue is clear enough to look out for efficient policies. Less than 1% of all water available on earth is suitable for human consumption. Underground sources of water are not huge enough to count it as the reserve of last resort.
Agricultural and mining activities, whose productive process is water intensive, will have to compete for water between each other. Thus, there is a real possibility that severe conflicts might arise because of lack of water.
From the economics point of view, water scarcity means it should get a higher price, which in the near future may get into the consumer bills. While in the last 40 years, mankind have been worried about oil prices, in the next 50 years or so, it will have to be worried about water prices.
Besides, water is considered a common good (the tragedy of commons), which means that there is no restriction about its use, and the risk of over exploitation is real. The solution requires assigning property rights coupled with an institutional framework, suitable for its protection and reasonable uses. Whether to protect water means a price increase for both private and public users, all should be more cautious about the way they use this resource.
But water preservation is not just a market or policy issue. Government regulations also are important. At the same time, it is also a government responsibility to foster effective actions to deal with it.
There are agricultural sectors which have water scarcity while at the same time have a higher water demand because of mining and energy sectors investments, along with higher human consumption. The implications go beyond supply and demand. Actually, mining investments in particular have to be based upon on desalinization process and water recycling, which increases mining production costs. Those agricultural products are highly water intensive and represent a very high production cost in areas with water scarcity. Thus, tomatoes (3237m3w/acre) and onions (2670m3w /acre) production, requires a lot of more water than lettuce (1668m3/acre) and carrot (1214 m3/acre). This implies, a different approach to production options.
On the supply side, there is also a lack of an efficient management model of water allocation. Therefore, a better water management model is also required. There are already some alternatives available, such as WEAP (water evaluation and planning), Hansen (1992), SAWP (state wide agricultural production) Gallucio (2005) , and a combination of both the Econ-WEAP model implemented in California, Forni (2010) .
These models deal with the improvement of decision processes concerning the use of water in agricultural activities, taking into account optimization criteria based on economics variables to allocate water. The case of the Econ-WEAP approach for example, provides water supply simulation to cope with water demand preferences in each area, taking into account any specific year and its characteristics to build up a model for optimization and maximization of profits, taking social cost into account.
However, wiser use of water is not a matter of just better institutions or government policies, business practices or social responsibility criteria. It is also a matter of improving awareness about the importance of protecting water.
The adaptation to climate change: Policy options for Poland's regional economies The above-mentioned methods have their supporters and opponents.
Proponents of genetically modified plants believe that it is one of the important factors of sustainable agriculture, which reduces the use of non-renewable raw materials and helps protect both agricultural environments (aggro-ecosystems) and natural ecosystems. In their opinion, the use of genetically modified plants prevents soil erosion (by using soil cultivation technology without plowing), reduces water and energy (fuel) consumption, and reduces CO 2 emissions (Święcicki et al., 2011, pp. 104-107) .
Opponents believe that genetic modifications are limited to changing only a few features, such as herbicide and pest resistance. Unfortunately, the resistance of existing genetically mutated plant varieties to adverse weather conditions has not changed, as evidenced by the decline in Bt cotton crops in China due to extreme temperature changes (Chen et al., 2005, pp. 330-340) or losses in genetically modified herbicide resistant soybeans in the United States caused by very high temperatures (the Roundup Ready soybean stems were more brittle and halved faster, thus allowing infection to penetrate) (Coghlan, 1999 ).
An important feature of plant production is its ability to absorb carbon dioxide and thus reduce global warming and strengthen the resilience of ecosystems. Agricultural practices, such as less intensive cultivation of plants absorbing greenhouse gases, favour the carbon sequence and slow down the release of N2O. It is important to support efficiency in the use of nutrients by optimizing time and the use of inorganic and organic fertilizers.
In addition, greater efficiency in the use of resources in the economy is possible, among others, through the management and use of water-saving technologies and water storage. Plant production also has great potential for producing renewable energy and materials giving the opportunity to reduce emissions and better management of the life cycle of raw materials. Plants can replace fossil energy sources thanks to the large variety of bio-energy deposits and technology (bio-fuels, plant waste, perennial energy crops). In peratures and changes in rainfall increase the productivity of the agricultural industry in the north, and decrease it in the centre and south (Pesta, 2009 ).
Food security in many countries is threatened by unpredictable changes in rainfall and temperature, as well as increasingly occurring extreme weather conditions which contribute and will contribute to the damage of crops, especially in the early stages of growth and make it difficult to determine the time of cultivation, thereby reducing farmers' motivation to farm work. Another consequence of climate change is the occurrence of new plant and soil diseases which lead to the destruction of entire crops, and their rapid evolution makes it impossible to find effective safeguards (Morton, 2007, pp. 25-27) .
In connection with the above, all methods of improving arable crops are important, increasing their production efficiency and affecting the development of innovation and competitiveness of the Polish economy against the background of European Union countries, especially in the perspective of Union's enlargement by the coastal countries of the Western Balkans, which may become an important market for organic agricultural products in the near future (Dziuba, 2014, pp. 227-228) . These actions should lead to an increase in crop resistance to diseases and abiotic stress as well as tolerance to biotic stress resulting from climate change (Święcicki et al., 2011, pp. 104-107) .
High and stable yields are currently guaranteed mainly by hybrid (heterosis) varieties, which are characterized by resistance to diseases and lodging, high adaptability, tolerance to soil quality and stressful environmental conditions. They significantly exceed the yield of traditional varieties (populations) by several dozen percent or even more (Święcicki et al., 2011, pp. 104-107) .
Diversification of agriculture is the only way to achieve nutritional security in conditions of changing climate. According to many experts, crop diversity is a natural safeguard against adverse changes in natural and agricultural ecosystems (Diaz et al., 2006, pp. 315, 317) . Genetic diversity is expected to play a key role in environments with high variability. The greater number of species and varieties in one cultivated field or one ecosystem, the greater the probability that some of them will be resistant to changing conditions. In addition, the diversity of species reduces the likelihood of diseases and pests, limiting the number of host organisms on which they could develop (Chapin et al. 2000, p. 237 ).
There is a great deal of evidence that crop biodiversity will play an important role in climate change adaptation, and simplified crop systems will not be enough to ensure nutritional safety. Genetic diversification contributes to increased flexibility and stabilizes food production (Diaz et al., 2006, pp. 315, 317) .
Italy is an example here, where the large genetic diversity of wheat reduced the risk of crop failure following drought. With a 20% drop in precipitation, a mere 2% increase in diversification reverses the downward trend and increases their potential compared to average values (Di Falco et al., 2008, p. 91 ).
In the United States, crop yields from three years in the state of Michigan were compared and it was found that crop yields with high diversity were nearly 100% higher than homogeneous crops. Moreover, it has been shown that crop diversity improved soil fertility and reduced the need for chemicals (Smith et al. 2008, pp. 789 ).
However, the great famines in Ireland or Ethiopia are a proof of the inefficiency and sensitivity of homogeneous crops (Fraser et al., 2008, p. 49) .
In addition to increasing the diversity of crops and their varieties, also increasing genetic diversity within a single species can play an important role in adapting to climate change. The literature indicates that Marker Assisted Selection (MAS), a selection supported by molecular markers may be the method to achieve this goal. By using natural plant varieties, a significant number of immune traits can be grown. The advantage of MAS is that the markers can be used already in the early stages of cultivation and in the early stages of plant development. This makes it possible to eliminate plants which do not contain the desired genes, which limits the number of materials for further stages of cultivation. DNA markers have practical applications mainly in immune culture and in the selection of some quality-related properties (Święcicki et al., 2011, pp. 104-107) .
Thanks to the MAS method, plants have been cultivated which are important from the point of view of resistance to extreme weather phenomena (drought, extremely high or low temperatures, floods). Flood-proof rice can be an example of success. Thanks to genetic mapping, scientists have isolated a DNA fragment containing a gene that makes rice resistant to long-lasting immersion in water (Xu et al., 2006, pp. 705-708) .
As it results from the above considerations, there is a number of solutions which can be used to reduce the rate of growing climate change with the help of plant production, and increasing the adaptability to new, often unpredictable weather conditions. However, do the smart specializations take them into account?
Sustainable development at a regional scale: Regional Innovation Strategies (RSI) in Poland 
Subcarpathia
Aviation and astronautics, quality of life, information and telecommunications.
Podlaskie
Nineteen smart specializations grouped in thematic departments: Agri-food sector and related sectors, Metal and machinery industry, boat building and related sectors, Medical sector and life sciences and related sectors, eco-innovations, environmental sciences and related sectors.
Pomerania
Offshore and port-logistics technologies, Interactive technologies in an information-saturated environment, Eco-effective technologies in production, transmission, distribution and consumption of energy and fuels, as well as in construction, Medical technologies in the field of civilization and the aging period diseases.
Silesia
Knowledge and innovation communities, Public service networks, infrastructure of the regional innovation ecosystem, SMEs in the global economy chains, Talents and competences.
Świętokrzyskie
Metal and foundry industry, Modern agriculture and food processing, Resource efficient construction, Health and pro-health tourism, Information and communication technologies, Trade fair and congress industry, Sustainable energy development.
Warmia-Masuria
Water management, Wood and furniture industry, High quality food.
Greater Poland Bio-raw materials and food for conscious consumers, Interiors of the future (furniture and interior decoration industry), Tomorrow's industry (machine production and repair industry, automotive industry), specialized logistics processes, ICT industry, modern medical technologies.
West Pomerania Large-scale water and land constructions, Advanced metal products, Wood and furniture products, Environment-friendly packaging, Chemical and material engineering products, Modern agrifood processing, Multi-modal transport and logistics, Products based on information technologies. In the strategy of the Kuyavian-Pomeranian Voivodeship, "The best safe food -processing, fertilizers and packaging" was listed among development potentials. This area includes the system from the production of agricultural products, through processing to distribution and delivery to customers along with all related production and service aspects. The specialization is based on highly advanced agriculture, a highly developed sector of enterprises from the food, fertilizer and packaging industries. Among the smart specializations of the voivodeship there are Agricultural and Food, Forest and Wood and Environmental Bio-economy, which includes: innovative technologies, processes and products of the agri-food and forestry-wood sectors, healthy food (of high quality and ecological production) and biotechnological processes and products of specialist chemistry and environmental engineering (The Kuyavian-Pomerania Voivodeship Board, 2015) .
In the Lublin Voivodeship, "Bioeconomy" is a key intelligent specialization and covers all types of economic activity based on bio-technologies, especially plant and animal production, feed manufacturing and agri-food processing, pharmaceutical and chemical industries, renewable energy sources (bio-refineries, bio-fuels), public health and environmental industries and services (eco-business), including pollution level management (Regional Strategy of Lublin Voivodeship, 2014). In the Regional Innovation Strategy of the Lubuskie Voivodeship, one of the smart specializations in the sectoral approach is "Health and quality of life"
and it includes healthy, safe food (including regional products) covering the entire production process from agriculture through processing to sales on the regional, national market and foreign markets (export) (Internet source D).
The strategy of the Lodzkie Voivodeship among smart specializations includes "Innovative agriculture and agri-food processing", but the recommendations it contains are of a general nature and relate mainly to the search for new technological solutions for the development of these areas of specialization (Internet source E).
The identified intelligent specialization of the Lesser Poland Voivodeship, "life sciences", includes "healthy food and nutrition", one of the indicated subsections. The specialization includes research, development and implementation of technologies and methods of production, processing, storage and distribution of high-quality food, in particular functional food,
i.e., having specific characteristics which meet specific nutritional needs, as well as food with traditional, regional and ecological values. "Sustainable agriculture" is another subsection, which is based on obtaining high-quality agricultural products intended for food and recreation purposes and used as raw materials for infrastructure and insulating materials (Lesser Poland's Intelligent Specializations, 2015) .
Selected intelligent specializations of the Opole Voivodeship within the scope of "agri-food technologies" indicate the use of molecular and biotechnological tools for the production of seed and nursery material as well as innovative methods of plant cultivation, increasing their resistance to diseases, pests, climate and environmental changes (Smart specializations in the Opole Voivodeship, 2016).
One of the leading smart specializations of the Subcarpathian Voivodeship was defined as the area of "quality of life". In the next step, it is grouped into the following areas: production and processing of the highest quality biological and health food, ecological and sustainable agriculture and processing, sustainable and responsible tourism, health and well-being, eco-technologies: renewable energy sources (distributed energy, smart grids, wind turbines, water turbines, solar panels, biomass boilers, geothermal energy) and energy-saving and intelligent construction (passive, zero energy and plus energy houses) (Regional Innovation Strategy of the Subcarpathian Voivodeship, 2015).
In the Podlaskie Voivodeship development plan, one of the departments into which smart specializations are grouped is "agri-food, forestry and wood bio-economy" and includes: innovative technologies, processes and products of the agri-food and forestry-wood sectors, high-quality food, biotechnology processes and products of specialized chemistry and envi- (Dzieminowicz et al., 2015, pp. 67-70, 83-90) .
In the adopted innovation strategy of the Greater Poland Voivodeship, the area of bio-raw materials and food for conscious consumers includes the production of bio-raw materials and food throughout the entire value chain, from good quality raw materials, using modern methods and technologies as well as sales and distribution, and also management of post-production waste. The justification for the choice of specialization emphasized the increase in added value generated by the food and agricultural industries by increasing product innovation in response to consumer needs and new challenges such as climate change, decreasing energy, water and food re- The following voivodeships did not distinguish food safety or agricultural production issues as smart specialization: Silesia, Pomorskie and Lubuskie.
Conclusions
Thirteen voivodeships took into account food security and its important component, the agricultural sector in their smart specializations, but only three of them indicated the need for adaptation to climate change. Against the background of all voivodeships, in the context of climate change, the Opole Voivodeship stands out, which indicated specific agricultural adaptation tools, which also increase food security.
Low-carbon emission economy, is recommended in regional innovative strategies to reduce the negative impact of the economy on the environment.
There is, however, no information on the costs of this impact, not to mention the promotion of activities aimed at better adaptation to new weather conditions, also in agriculture. Considering the scale of the threats posed by climate change, the analysis of voivodeships' innovation strategies reveals serious problems, such as low awareness of the consequences that climate change may have for agriculture and for the directly related food security.
These specializations are designed to indicate industries and problems relevant to the region but unfortunately they ignore issues related to the impact of climate on the agricultural industry. It should be remembered that this is a document reaching a wide range of recipients, due to the issues of obtaining financing, therefore it should also be used to raise awareness of significant environmental, social and economic problems. Agriculture will not only be severely affected by climate change, but also to a large extent contributes to increasing greenhouse gas emissions to the atmosphere. The strategy of mitigation and adaptation to climate change is implemented by choosing cultivation techniques which increase soil carbon dioxide content and the use of resistant cultivation systems (Internet source F). Unfortunately, given Poland's past experience in the field of innovation (including eco-innovation and climate change), it is difficult to expect a breakthrough caused by RIS. At the end of the current financial perspective, it may turn out that, as was the case with the previous EU development strategy, the grandiose terms conceal the mediocre quality of actions (Burchard-Dziubińska, 2016, pp. 83-85) . Most Voivodeship Development Strategies are documents with several hundred pages, often written in scientific language, which the entrepreneur must wade through to prepare an application for financing, equally rich in detail. This is probably not conducive to the development of innovation, but only drives bureaucracy and generates unnecessary costs.
Cultivation of mixed varieties in

